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ABSTRACT , 
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use are made. A list of references is provided. (SD) 
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Electronic Hand Calculators ; 
The Implications, for Pre-College Education 



I. Introduction 



Explanation of the Study " ^ 

There have been many misconceptions about this projects Therefore, 
it seems appropriate ^that this report should begin by stating tliree 

f 

things that this project was not designed to do: 

- It was not designed to compare the reactions or beliefs of-, 
differ ent? groups about 'hand-held calculators, 

- It was not designed to collect specific uses of calculators 
in the classroom. 

- It was not designed to be the precursor of a development project 
(much as that may be needed). 

It was designed to provide a report to The National Science Foun- 
dation on the range of beliefs and reactions about calculators, and in 

/ 

particular on the arguments that were being used to support ^positions 
strongly favorable and strongly negative toward the use of calculators 
in elementary and secoridai^v schools . From various sources, an analysis 
Qf the status of the, calculator^ was to be developed. 
In connection with this: 
(1) A restricted questionnaire survey was conducted: the sampling 
was by design nationwide, but it was i\ot random. Therefore, 
. the results cannot be statistically compared for the purpose qf 



Hereafter, the word calculator will be used to refer to the hand-held 
calculator , -al^o termed the electronic calculator, the mini calculcutor 
(not in t^e computer sense), or the pocket calculator^ 
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generalizing. The questions were designed simply to elicit 
the range of* reactl^ohs, to aid in identifying the arguments 
being used. 

(2) The literature was, surveyed to identify what was being said 
in writing to argue for or against using calculators. 

(3) Manuf acturerj^ and distributors vjere. surveyed in an attempt to 

secure information on the currenjt and future status of s\les ' 

and^ development . . ^ 

,^\' " . 

(A) Experiential reports 'and research r,eports were strutintz^d to 

ascertain^at has already been learned about how to use calcu- 
lators and the effect of using calculators. ^ - 

(5) Telephoning to follow up on information, attending meetings 
and/ workshops (local, state, regional, and natio^l) to learn 
what was said by speakers and audiences, talking with teachers 
and similar activitie'e were also part of the process of securii 
information. 

(6) Position papers were requested on several topics, to provide 
ip-depth, thoughtful statements about various aspects related 
to the use of calculators. 

Thus, the otiginal intent of this' project- was simply: 

CD To collect information regarding the use or non-use of calcula 

and to farm a list of the reasons' why educators and others 
' believed that the calculator should* be used in schools or why 

the calcjulator should be banned in schools; 

(2) To analyze the arguments reported by those questioned and in 
the literatur.e, in order, to determine the potential impact or 
lack of impact of the calculator on the curriculum; and 

(3) To develop a critical analysis of what has and has not been 
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done with A:aiculato<rs at^pre-collegfe levels > wnat knowledge 

* \ 
\ ' • ■' \ ■ 

is or is not available about them, and what implications this 



^ has for educatioa'at the pre-coll6ge l^vel, 



\ 



Procedures Used in the Study: Farther Explication 

The steps taketix|:9 me^t th^ purposes of the^tudy are* described 
in more detail in this. sectioni 



(1) Collect information 

Information was cioll46ted in three ways! by means of question- 
naires; by searching/ the literature; and by attending meetings ( 



and conferences. 



(a) Questionnaires 



Nine target audiences were identif ^"ed: calculator manu- 
facturers; supply companies selling calculators; other 
marketing outlets; state supervisors of matti^matics ; 
'school 'districts using and/or studying the use of calcu- 
lators, hot using calculators, or bmining the^ use of 
calculators ; mathematics teacher educators ; decision- 
makers in both elementary and secondary schools (including 
teachers , administrators , and supervisors) ; publishers 
of elementary- and secondary-school textbooks; and curri- 
culum developers . 
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As the .questionnaires to be sent to these groups were 
being prepared, it became evident that these' audiences 
were not all distinct in their composition. Therefore, 
f ive. questionnaires were developed,"^ to b6 sent to: 
calculator manufacliurers and distributors, stat'e supervisors 
of' mathematics, school personnel, teacher educators, and 
textbo(^k publishers. (These questionnaires**are contained 
in Appendix B.) / 

* \ 

Cettain questions or points were duplicated on two or more 
questionnailres , but in general the questions asked of one 
group differed from those asked another group. The intent 
was to ai^ure a range of "pro" and "con" answers, rather 
than to compare the responses of one grotip- with the* ^ 
responses of another. 1 In some ca^ee, telephone contacts* 
were ni^de to secvire bAsic or additional information; in 
most cases, the ques tiWhai^res were sent and return^ 
mail. ' \ ' 

The samples were Identified in various ways: 

- Calculator manufacturers 'and distributojrs were determined 
primarily by perusal of the literature and-advertisementB, 



8 



All those identified (N =v^39) were senx a questionnaire; 
respon$es were received from only 7. ilri an attempt to 
sedur^ further information, some were contacted by tele- 
phone. . In addition, a "blind" request for advertising 
information was sent, and information on specifications, 
of various calculators was collated frqiri these materials 

- Marketing outlets in 20 selected cities were identified 
and a, sample contacted by telephone, kqwever, the sam- 
pled outlets indicated that they were unable to provide 

'the type of information requested. Spme Similar infor-^ 
mation was, however, secured f,rom marketing Journals. - 

- A list of al'l those responsible for supervising mathema- 
tics in state ^departments of education was secured, and 
each person was sent a questionnaire (N ■■.86, plus 13 

• Canadian supervisors) . Re'spdnses were received from^ 
65 persons in 33 states and" seyeral provinces. 

-^School districts and personnel invplved in using. calcu- 
lators or taking a position on banning* calculator^ were 
identified by such procedures as scanning news reports, 
ctxntactlng state supervisors, and querying teacher 
educators, in addition to contacts made through meetings 
and conferences. Each person identified wa^ sent a » 
questionnaire (N = 580 / Responses were received from 
'16 teachers and, 16 other School personnel, in' 20 states. 

/ 

- Teacher educators who werte In a position: to make sub- 
stantive statements about the implications of Using 
^calculators were identif Jlted primarily through published 
membetship lists. An* attempt was made to 'send a ques- 
tionfl^ire to at least one <)erstJn in ^ach -state, as well 
as to .all major curriculum deyelopers. Of 87 question- 
naires sent, 78 were returned, from 39 states. 

- All publishers of elementary- and secondary-school mathe 
matics textbooHs (N 26) were sent a questionnaire. 
Responses were received from 13* 



(b) Literature 



Literature from the folXpi/ing sources was compiled ^nd ^ 
reviewed: " . * . ^ 

- Reports from calculator manufacturers arid distributors. 

- Curriculum materials in ERIC and f^om other sources. 
Other repo^rts in tRIC (e.g. opinion papers) . ^ 

- Newspapers. , ' 

1 ■ ■ 

- Educational Journals listed in ERlClfl Current Index t& 
« Journals in Education . 
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-r Noiji-^education journals (Including ; "popular" and "n^wa" 
magazines/'* , ' . . ; ^ ^» '■'■.X 

- Research, including j oarnal-publlshed reports, disser- " . 
Cations, and other reports^ a^iid monographs ; ^ V:' 

- Position, papers , conference repbr t si, atid other docutnei^taf 

(c)- Meetings \ ^j . ; . \ \ ^ , 

Meetings which were attended included "ones in ^^t. Clem^nef,/ 
. Michigan; Canton, Ohio; Washington!, D^^. ; Denver , Colorado; ; 
and several, in Columbus, Ohio. At; these meetings there 
" was opportunity to listen to presentations, attjend workshopi^, 
discuss With teachers and other educators v and review the J 
displays of manuf actui^^tf rs . ^ ^ 

(2) Collate, analyze, and s^nthesiise the information collected ; 

Thi^ second stage of the project was the necessary ' pt^elude to / 

th^Bj^lopment of this report. Questionnaire responses were . ' 

is^fl^ed, literature reportstwere abstracted, and 'iififotniation 
nHpm meetings and discussions was culled. ' Appendix A contaips^ 
annotated list of most of^ ^he literature surveyed* shbuld 

be noted that not all of the ^rticles and teports deal with 
thand-held calculators: some rjefer to desk calculators • It was* 

felt that, in view of the limited amount " in pritit on han^-held : 
. calculators plus the similarity in use of t;W £yo >type8 of 

calculators j there might be some Iriformatioh oft. desk calculator^ 
.which is applicable to hand-rheld calculators.) 

Appendix B contains the complete sets of resKponsee frqm ques- 
tionnaires, organized by type of respondee J^d by question. 

(3) Prepare report . ^ . ' ^ < ■ \ 

* ' ' ■ " ■ " ' ■ ' * * ' ^ 

The "r^'ainder of the body of this document is the analysisyof > 
the above information. . This Is based on the da-ta "collected 
, during May, June, and July 1975, which was «corporated -intO 
' the Interim Report*, plus an analysis of what h^^i,^ occi^red since 
the interim Report was prepared, but without fCir the r , data 
collection. A summary is presented of the most meaningful^ 
information on: * " , 

- the availability of calculsators, « ^ > 

- the status of the case against using ^alculatqrs ,^ • ' " 

- the status of the case f0r using calculators, ^ 

- what is going on in schools, and ^ 

- empirical evidencie. . . . " 

In the summary are specif ic recommendations related to tl\e use 
of calculators. » 

10 
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[iPeVhaps it should be r^i^erated that*, there is no statlatlcal 
analysis^ of the 'responses to the information obtained from 
t^fe •questionnaires.. . The samples -were not randotnly selec1:ed; 
.the Sampling* techniques employed were designed "only to identify 
.argufeetxts wnl^h are being proposed for and'against the use of 
, calculators iriSschools. No effort was made to Sample xepre^ 
sentati)4ly to ektimat6 the extent to which any group holds ^a 
certain position oX^ the proportion whO; hold a position for a ^ 
certain reasoii. That this type of survey should not be a goal 
of the project was stipulated by National Science. Foundation 
, personnel early in the development of .the proposal.] 

In addition to the analysis in t^ie body of the Final Report, 
several position papers were prepared by persons who have 
devoted much thought and effort, to the promises and problems 

, pos^d by the use of calculators iil the elementary epid secondary 
schools of this country. Thfe topics -were identified by a small 
group, of persons meeting in Washington, D.C^ on 31 July-1 August 

'1975. The position papers are incorpotated as Appendices . 
C, D, E, and F: ' ' 

„ -,Appen4{x C: ^ Teaching ^Mathematicg with the Hand-Held 

Calculator 



George Imiper^zeel, Earl Ockenga, and 
John T^fr r 



-Appendix D:^ Hand-Held Calculators- and Potential 
- ^ ^Redesign of the> School Mathematics ^ 
Cur riculuirf , ■ - ■ 



iJy H.'^O. Pollarfc 



a Ah 



- Appendix E: Some Suggestions f5r Need^Qd Regeax 

on If he Role of ^ the Hand -Held ElectPbnic 
.-" Calculator in Relation tp School Mathematics 
Ci*rricula ^ . 



^ by J. F^Wj 



Weaver 



^ - Appendix F: Calculatbrs^nd School Arithmetic ^ 
/ Some Perspectives 

by Zalm^n Usiskin" and ^M4x Bell ' 



/ 
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II. Av^lablllty of C^alculaCQtsT 



During 1975, it was evident that calculators were "selling like 
hotcakesV. As prices tumbled early, in the' -year, cal/:ulators lost thetr 
posit:(.on as status symbols^, and reached the point of being considered 
necessities by maay. The level of sales and the impLicat jlons of data 
prjiijections for^the schools are considered in this section. . . 



Sales _ , ■ " 

Calculator manufacturers {with one exception) were, to se^y the least, 
reluctant to disclose informatign on sales. Distributors indi'cated 
inability to access' this information rea'dily.' Thereforg, much of the 
information *on sal0s pomes ,from iriiblished sources: marketing journals 
such as Discount^ ^ tore News , l^erchandizing Week , and Electronics regularly 
publish both datd and projectiyns. " 

For the Interim Report o^ this project, Shumway developed two tables 
to summarize such information pa sales; one is on sa]^es estlthates *per i^ear : 

■ . ^ '.. 

Hand-He^ld Calculator Sales Per Year 
in. th^ United States 



JO 

Millions IS 
lO' 

5 
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Learly understood. To'' \ 



That.^suclt estimated data are tefiuous must 

illustrate this, Usiskin and Bell (1976/^'cite data '*from a 1975 survey ^ 
for itidtis-try. by a reliable private research organization** (p. 2). Thett 
data indicate sales of calculators^ to have been 8. 3A million in 1973,' 
"10..52 million in 1974, ajid 12.77 millian in 1975, with a projection of 
14.75 milliofi in 1976. Another figure is provided by Electronics 
(8 January 1976), indicatVng that 'estlma1;ed sales are 21 million for 1976.. 

. ■ . j , , ^ • ... 

It is safe to say that the number of calculators being sold is large,, 

. ^ . \ ^ 

increasing each year, and neither fully tabulated nor ^predicrtable I 

The second table developed by Shumway, presents the data in terms of 

1- . ■ ' it • - • 

cumulative sales estimates: ^ ^ 



\. 



1: 



Cumulative Hand-Held Calculator, Sales 
in . the United States 



Million* 







32. (• 




! 1 

' I ; ' 








1 , ' 
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* Shumway provided sales statistics for the top five leading magazines in 
1974 (iiicXuded in the ]J2.LiM.9?m.ati^^^ to aerve aa a^ 



referent for the magnitude of the figures: 

TV Guide - 20.1 million 

Readers' Digest 18.8 million 

National Geographic 8.8 milliory 



Family Circle 8.3 million 
Woman *s Day 7.9 million 



la 



The data provided by Usiskin and Bell (1976, p. 2) are slightly more 
conservative. Electronics (8 January 1976) indicated that '/sales of 
handheld calculators have just about leveled in the U. S.'. . . The 
balance ^pf production fpr all types of < calculators ha^s again shifted 
to Japan'' (p*^ 86) . Nevertheless, thej^ predidt that 1976 should be a 
"solid year" for calculators. . * 

Shumway reported that calculator sales i^ 'over half the instances 
are being made. to housewives and students for home and school use. 
However, it is frequently noted in marketings reports that the actual 
users, of calculators (especially the simpler ones) are not clearly 
determined; it is particularly unclear how many of the ^instruments are 
actually in the hands of students. As onef visits schools and talks with 
teachers, it is clear that this number is increasing. Shumway alsb 
noted that^ore and more sophisticated models are being purchased 
each year (especially as cost has dropped and as familiarity increases). 

Prices . ' ' - 

There ara two price xisaiiges w!^ch seem appropriate for school, use: - 

(1) - basic four- or f ive-functiotji machines with limited memory 

(2) fairly sophisticated scientific calculators with*^funt?^ions 
such as X , yx , l/x,,x!, >/y, y , log, e , arc, sin, cos, tan, 

" sin h, degrees/radians, etc. 

•Examples of each of these include: 

(1) basic four- or five-function machines - $10 - $20 

. e.g. , Novus 650 , $ 9.95 ($6.99) 

Sharp EL-8005 ^ , $19.95 ($13.95) 

Texaa Instruments TI-1200. . . $19.95 ($13.95) 

. . Rockwell 10-R " . ^ ($12.66) 



Prices in par entheses were observed in Columbus, Ohio in August ^1975. 
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(2) scientific calculators $50 - $100 

e.g., MeicOt SC-635 . " $69.95 . 

• . HJa^lett-Packard HP-21 $125.00 

• Casio fx-11 - $49.95. 

Texas Instruments ■SR-50A $99.95 ($66.95) 

*.<''" ■ ' ' ■ • ■ , ■ ■ ' 

Electronics (8 January 1976) indicated that sales of four-function, 

■■ • v ■ . ■ 

personal calc,ulators are or will be: 



1974 ■ $265 ^million ^ . 

1975 $268 million / 

1976 $276 million \ ' ^ 

1977 $301 million ' . . 



\ 



r 
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; In his analysis of the situation in August 19/5 , Shumway stated that 
the predicted retail sales "price within one ye^r for "basic four- or 
five-function machines, is $5. -The predicted retail sales price within 
two years for soieutific calculators is $25. He noted that most manu- 
facturers would only make such predictions verbally. Others, however, 
■ . ■ _ ^. - • 

. have indicated that they believe that "rock bottom" has been reached, 

and that prices will either stabalize at current (February 1976) figures 
o.r begin -to climbslightly for basic four-function calculators; prices 
for scientific calculators may, however ,' continue to decline (at least 
to some extent). This belief is based on the point that the production/ 

marketing factors which combined to drive prices downward in 1975 parallel 

\ • > " ■ / ■ ^ ' . , ■ ' 

the situation of several yea-rs ago with television sets: prices now 

have nowhere to gb but up, fdr basic four-function calculators. Refine- 
ments are still being mad^ in the production of scientific calculators, 
however;, fbir instance, one company redently placed a calculator on the ' 
marketv f or $395, approximately half the cost of a comparable calculator 
from another company. 

Perhaps the most peVtinent point for educators is that it seema thatv 

15 



prfces of calculators appropriate for Use In elementary and secQndary 
schools will not vary so. greatly .that there is reason, either to speed 



or procrastinate in purchasing ''^^,^'culators an«».iBdonomic ''grounds .* 



Current Level\ of Use in'Schools > . * \ ' fi ^ ^ ' 

\ f * 

Estimates of tKe extent to wh^ch calcul^tief^s are now being used in 

■ p • ■ • " ' 

•schools are highly subjective. TRe project survey of school personnel 

suggested that! about two-thirds of the schools used calculators in some 

way: this .figurVe, hbweVer, is biased, sirtce many schools were identified 

i . ' ^ 

which were knowji to^ have been using calculatc^rs . Meiring's (1975) 

1 ■ 1^ 

survey of , Ohio secondary schools suggested th'at about 18% of the schools 
responding had systematic use of calculatots. \ Most of the use occurred 
in' grades 11 and \l2. Thirty-four per cent. rep6rt that calculators were 
prohibited in ^ some classes or for c^tain classroom activities (notably 
testsV. In the pa^t six months (since these. data were collected), it 
would appear that more teachers and schools hav^ l^ecome involved in 
using the calculator in some way: perhaps an estimate in the range of 

/ 

25% to 50% is, the best projection that can be made.- 

Estimates of Future Use - 

Given the data on prices, the data on the number sold, and the 
fact that in the jiroject survey , teacher educators, . state supervisors, 
and textbook publishers appear ta be "sold" on the desirability of the 
use of calculators in schools,^ school use of calculators is Ifkely to 
increase. Factors which might tend to control the' use are parent and 
teacher reluctance to allow calculators in the classroom. As teachers j 
and parents use calculators themselves, their reluctance is likely to 
diminish, ^y X977, there could be widespread use of calculators in' schoola; 
by 1979, this\ will almost certainly be true'. 

■ . 16 . 
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III . The Cases For and Against Using Calculators \ In 'Schools 



.1 



v.- 



A primary purpose .of this project was to identify the positions 
which ^ducanors hold regarding the use of calculators ±n elementary 
arid secpndary\ schools . When the responses on the questionnaires sent 
to school p$rs0^nnel, state supervisors of mathematics, and mathematics 
educators ^re analyzed , it: becomes apparent that there is much similarity 
in their viewpoints. And' in addition, a^redundancy is Apparent in many 
published artialeis, for these same points are reflected 6ver and over. 
The most /frciquently cited reasons for using' calculators in schools 



are: 



(1) They aid\in computajtion . They are practical, convenient, and 
efficient .\ They remove drudgery and save time on teHious 

I i:alculationV They *are less frustrating, especially for low 
I aclnievers. \hey encourage speed" and accuracy. 

(2) Tniey facilitat^^ ij^nderstanding ai^d concept development . 

(3) Tl iey lessen theVeed for ^memorization , especially as they 



r einforce basic facts and concepts with immediate f\eedback . 



They encourage estimation, approximation, and verification 
(A) T hey help in problem solving . Problems can be more realistic 



and the scope of problem solving cari be enlarged. 

(5) ^They motivate . They encourage curiosity, positl,ve attitudes, 

^ ■ ■ ■ • r 

and independence. ' 

(6) They aid in exploring, understanding, and learning al|gorithmic 
processes . . \ 

- - • ■ ! 

(7) They encourage discovery, exploration, and creativity' ] 

(8) They exist . They areyliere to stay In tlie "real world'*, ho we, 
cannot ignore them'. 
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The last reason - — the pragmatics fact that they existi and that they are 
appearing in the hands of increasing numbers of studefnts — is perhaps f*^-^ 
the most compelling. How they can be u^ed to facilitate eacft of the 
other seven beliefs is therefore a question, that must be attacked. 

The m#st frequently cited reasons for not using calculators in 
schools are that-: 

(1) They could be used as substitutes for developing! computational 
skills : students inay not be motivated to, master bpsic facts 
and algorithms. . * 

(2) They a re not available to all students . Because ohey cannot 

■ \ \ ■ 

afford a calculator, some students- are at a disadv{antage. v 

(3) They may give a false/ impression of what mathematics is . , 
Mathematics-^jaay be^equated to computation, performed without c 
thinking. Emphasis* is on the product rather than an the process; 
structure is deemphasized. Mental laziness and tooWuch depen- 
dence are encouraged; lack of understanding is promoted. Some 
students and teachers will misuse them. \ 

- ' I ■ ■ ■ r 

They are faddish * There is little planning or research. 



(5) They lead to maintenance^ ttnd g^ecurity problems . 



PRir 



The first concern ■ — that studepts will, not ledrn basic mathematical 
skills — is one expressed mQ«t frequeijitly by parents and by other 
members of the lay public, aslref lected 1 (and created) by new8paper\arti- 
cles. But it builds a strawman, for few educators believe that children 
should use calculators in piape of learniing basic mathematical skills 
Rather, there is a strong "pelief that calculator^ can help children to 
develop and learrt mor^e mathematical skills and Ideas than Ih possible 
without the use of calculators. Much se^rious attention must be given 

18 
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by teachers and others to proving that this belle^^ can be Implemented 
and become fact,/ / 

• For the Interim Report, Sfiumway conslclerec^ the responses which 
educators gave bn the questionnaires as reajsons for and against using 
calculators, comments made In Interviews atid/dlscusslons with various ^ 
persons, and statements In articles and other published literature. He 
then developed a section In which he expanded on the arguments for and 
against using calculators. Shumway'^ analysis Is presented on the 
following pages (14-23) . . 



Arguments for Using Calculators 

The extreme of the point of view favoring the use of calculators 
is represeilted by this statement: 



"Hand-held calculators as sophisticated as the so-called 
'scientific calculator' sfeuld be made readily available \ 
to all children, fpr all school \»ork, from first grade on.'^ 

In support of such a pdsition^, Variations of the following arguments 
may be cited: 

(1) " There will no j.onger be any ^need for the usual paper-and- ^ , 
pencil algorithms for the basid operations . Algorithms are > 
designed to carrV Qut repetitive calculations efficiently, 
accurately, and without thinking. Clearly, the calculator 
is the best calculational algorithm available today. Paper- 
and-pencll algorithms might be taught for historical, cul- 
tural, or pedagogical purposes; however, few children (or 
adults) will choose paper-and-pencil algorithms when calcu- 
lators are available.'* 



(2) 



" Scientific calculators will not be expensive . The price of 
scientific calculators began only a few years ago *at $400; 
currently, they ajge available for as little as $50. There is 
no reason to believe that they will not soon be available for 
less than $20 (which is the cost of two tanks of gas for a car), 
Cost will^not significantly deter the widespread use of 
hand-held calcula^-ors - > 

(3) "Most childr4n will probably learn the basic addition, subtrac- 
tion, multiplication, arid division facts in order to make 
estimations and to save time. Extensive drill and practice 
exercises will be unnecessary ." 
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(4) "Decimals and scientific notation wlj^l be Introduceii early 
in first grade . Children will work with numbers such as 
.0285714285 and 1.893456 08. The first number is that part 
of a^ cake each of 35 children would get if it is divided into 
35 equal parts; the second is the number of seconds a six- 
year-old child h;^s lived. Children can and will work comfor- 
tably with such numbers.. Calculators will facilitate early 
continuous experiences with a whole new class of numbers." 

(5) "Mathematical exercises will be more realistic . E^dercisQs 
will no longer have to be chosen so that there -are Integer 
solutions. So-rcal1?ed 'grubby numbers' ai^d tedious calculations 
will be done with ease." 

(6) " Calculators are fun . The motivational aspects of. thehand-held 
calculator are exciting. Children create their own interesting 
problems. Low achievers generat^e new enthusiasm for mathematics ^"^H 
because they finally have no fear of beir\g unable to perforin 
t>he ne^e^ary calculations. Childreifi are eager .to do mathematics 
when calculators ^re available," * - 

(7) "The addition and multipLication algorithtns for fractions can 
be Relayed until ^algebra ." * 

(8) ' *The calculator facilitates number sense . Because of their 
simplicity and speed, hand-held calculators will allow children , 

. , to explore products, sums, pWers, logarithms, trigonometric 
functions, etc., with numbers of all sizes with a frequency 
never before possible. Intuitive number sense will be much a.. 
facilitated by such extensive, continuous, and early experience T 
with numbers and their properties." 

^) " Hand-held calculators make calculations easy and 'practical 

for all children . It must \>e remembered that decimal notation, 
Arabic numerals, zero, paper-and-pencil algorithms, efc., 

i introduced not to teach mathematics,- bu^t to make'calcula- 
^s easier. The hand-held calculator was invented for the 
sam4 reason. " 

(10) " HandA}ield calculat^ors stimulate interest in and facilitate the 
teachiiW of mathematical concepts . Homomorphic properties of 
functions, prpj;ferties of logarithmic and exponential /unctions, 
characteristic^^, of rational exponents, compounding continuous 
interest ,\ combinatorics, trigonomet?ric functions, limits, number 
theory, em:., can all be learned in more interesting manners 
because of \ the calculational power which the calculator provides.", 

/ 

(11) " The calculator can be used to • facilitate problem solving * 
^ Open explor^ltioh and new problems can be offered to children 

because of t\he facilitating calculational power which the 
calculator provides. For example, learning to predict for what 
integer valuek of x will 1/x fill the calculator display screen ^ 
^ teaches a greak deal about^ oUr base ten numeration system and 
relative primes," 



\ 
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^12) " Hand-held calculators provide experience with the only prao- 

tlcal algorithm which Is used In society today . No business or 
profession carries out extensive calculations without the use 
of a calculator. Host family financial calculations will soon 
be done by calculator." 

»\ 

\ , * ■ 

(13) " Hand-held calculators will place tjie emphasis on when and 

what operation to use rather than on how to perform the paper- 
and-pencll a-lgorlthm. correctly . " 



(14) " There will be more Interest In estlniatlon . Since calculator 
errors tend to be dramatic rather than minute, estimating 
'ballpark' answers wl'll be useful In avoiding errors." 



(15) " The power of mathematics used by tTfe common man will Increase , 
astronomically . A^slmple example can be, used to Illustrate* 

' this. Suppose it taktfs* $10iOOO per year for a particular coupje 
to retire roday. • Assuming an annual inflation rate 5 per 
cent, ho|^ much per year wouTd be required 20 years from today? ' 
The. sequence (1.05, y^,- 20,- x,'- 10,000, =) gives the answer of 
$;5;6,513 in 10 seconds-. Tailof-niade family financial planning 
woujd be much i^nproved by such calculatlronal pow^r." ^ 

' • ' *• 

(16) "More time will be available to teach mathematics in depth . 
Since calculators increase the speed and accuracy with which 
children can do calculations, much more time will be available 
to learn the concepts and principles of mathematics." 

(17) " New topics lr> mathematics can be introduced intp the curriculum . 
The calculatibnal power of the calculator allows \the consideration 
of new topics while the de-emphasis of paper-and-pencil algorithms 
produces more time for new topics." 

. Arguments Against Usinfe Calculators • 

4 The extreme of the point of view against the use of calculators 
is reptesented by this statement : 

"Hand-held calculators, should be banned fjrom classroom ' - 
use for mathematics." , ' 

Arguments cited in support of this position include variations of these 
points: 

(1) " Hanci-held calculators would destroy all motivation for learning 
the basic facts . Calculators do not remove the need to know 
basic fac^^s siich as '9 x 7. To raise children to run to their 
calculators for every simple calculation would be folly. Such 
dependence on calciilatora would he most unfortunate. " 

(2) " The use of calculatorH wou ld defltr oy the has 1 c, mainstream 
mathematt^ of the ,*^jjenui ntary-flcl jpoJL^ cui r r I c u^l urn . Society's 
major objective for eit»moutnrv~Hchool mathenwitlcH Lh that 
children learn the basic facts and be able to perform the paper- 
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and pencil algorlfchms for addition, subtraction^ fnultlpllcatlon, 
and division. If calculators are allowed In-? sclfei^ls, children 
will no longer see any need fpr basic caleulatlonsll skills. 
Eyen banning calculators on c^irtain 'days oif only using 'them^ for 
checking would seem unfair ^nd illogical to children. Calcu- 
lators must not be used for any teaching of mathematics/' 

(3) ^* The cost of calculators prohll^lts their use . Schools simply 
cannot afford to provide calculators for children. The cost 
of hatxd-Jaeld^ calculators is prohibitive and their attractlve- 
— ,ness mal^s them disappear all t<S)o frequently." 

^ <^ X ■ • 

(^) "Calculators are particularly inapprbgrjate for slow learners . 
What possible motivation would such children generate JEor 
learning an algorithm they -know they can^ flo on a caXdulaltor 
^ . ^ much more qfiicRly and accurately? Calculators would injure 

. ' % that, poorly motivated students would noit learn th^ basic skills'" 

*' ' ' ' ' ' • ^ 

(5) " The child's notion of the nature of mathematics would be changed 

by the use of calculators. There is a real danger that if 
calculators ate- used, children will think that pushing buttons 
on a black box is mathematics." 

(6) " The use of calculators would reduce children's ability to 
detect errors > We are all familiar with the belief that if a 
calculation was done on a calculator it must be right. Not only . 
is such faith unjustified, but discovering errors of key- 
punching a calculator is almost impossible since there is no 
record of what was done." . . . . 

(7) " Paper-and-pencll algorl4:hm8 are still necessary, basic skills . 
Calculators jcan never be everywhere. Children must still be 
able to calctilate on their own. The availability of calculators- 
in schools would remove t:hlldren ' s need for practlding the 
basic skills. Homework done at home would no longer ensure 
facility with the basic skills, since the home is likely to have 
a calculator. Schools must ban the use of calculators to ensure 
facility with the basic skills of arithmetic." 

(8) " Bat teries^i. lose their charge and wear out . Dependency on batteries 
for computational arithmetic wduld be foolish." 

(9) " The use of>hand-held calculators wctuld discourage mathematical 
, thinking . If children can do- any mathematical calculation by 

pressing a few buttons, problem solving will be done by guessing, 
not mathematical thinking. Try this, tijy that, keep doing . 
things with the numbers until the answer looks right. Non- 
thinking guessing will become r^jnpant/lf calculators' are avallatfle 
in schools." ' ^> ^ 

(10) Parents are unalterably oppoaed to the use of calculators in the 
schools . The schools have failed miserably In the teaching* of 
basic skills as it Is^ The introduction of calculators would be, 
iji effect, not teaching mathematics at all. Schools would be 
exhibiting extreme political Ineptness to Introduce calculators." 



\ 
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Dlscussi<^n Of Arguments 

■ ■ ' 

It is probably obvious that the validity of the,iarguments in some 
of the statements above ts questionable — depending, to som"e exfeent, 
on your own viewpoint! It should also be obvious that. not all proponents 
or opponents of using calculators^ inr schools tajce extreme positions such 
as those identified. The fqllowing cSmpromises have been Suggested, for - 
ins tanc^e : ' ^. 

(1) Restrict the capability ' of the calculator through masking of 
making electronic modifications to control t,he operations 

' ""available so th^t paper-and-pencil algorithms are stlXl . 

nebessary and/or so that mathematical capabilities beyond the 
/ current curriculum are unavailable to the student. 
*' . ' ^ 

(2) Restrict the use of calculators to checking answers jonly, or . 
restrict the use to certain days of the week so that basic ^ 
facts and paper-and-pencil algorithms are still necessary. 

(3) Restrict the use of calculators to the upper grades (10-12), ' 
Where presumably students have already learned the basic facts 
and the paper-and-pencil algorithms. 

Some teatt to such compromises as an unworkable effort to» "have 

■ It * ^ 

your cake and eat it too , while others view them as examples of - ' 

democratic comproroi^^ to achi^e the best^ solution. The compromises do 
serve to focus attention on what appear to be the fundamental arguments 
regarding the hand-held calculator. The proponents argument is essen- 
tially: 

* "The hand-held calculator is the'^tool used in society today 

for calculations. Schools are 'burying their heads in sand' 
if calculators are not recogrtized and used as the calcula- 
tional tpol that they are." 

The opponents* argument is essentially : 

"The principal objectives of mathematics instruction '(^t • ^ 

least in grades k-9) are that^gjifldren learn the baaid facts 
and thd paper-and-penc il algorlff^mfl . Such learning Vlll not 

occur if calculators are mad^ available In schools." 

7 

It would seem that a rational approach to the ^resolution of the problem 

23 



-19- 



4 



ERIC 



(perhaps over-simplified) would involve: 

(1) Determining current and future societal needs for the basic 
£a£ts and ):he paper-and-pencil algorithms. - 

(^) Jf there are no needs for such skills, drop th§ emphasis i 

on. t;hem and introduce the wide'spf'ead Use of calculatljrs . < 

(b) If tTiere are needs for sucH &i:iJLis, moya, tor question "2, 

(•2) Can the calculator be used in the classroom And stilU build 
students* needed skills "(as Identified in lb)? 

Such a* procedure would ♦^eem to satisfy the concerns' of oppo^ients of, ^ 

the use of calculators. The proponents of the use gf calculators would 

(probably) clajm that such an over-simplification of the benaf^Cs of the 

-.^ . „ .. - ■ ^ 

use^jof calculators* 'is ignoring a potentially powerful educational device ^ ' 

Potential Implications of the Widespread Uge of Calculators " 

Suppose we adopt the position that there will be widespread use of 

theXcalculator in schools. What are some*of the benefits and disadvantages 
\ ' * 

OS sucrh widespread use? • . 

(1) Curriculum concerns ^ ' / 

^ As Pt^llak (I976) has apjtly described in his position paper (^ee 
Appendix D) , there are t;wo. partial ordering's which are often ^ 
used in the designing of a mathematics curriculum. For example, 
the mathematical 'development of the number ^ystems/s^uggests 
that children bught *to work with addition of whole numbers before 
they study addition of decimals* The algorithms for addition 
of decimals ^require facility with the 'addition of whole numbers. 
Hence the order: Whole numbers, then decimals, rather than 
decimals followed by whole numbers. Such partial orderinga may 
be called content orderings . 

A second partial ordering which mu&t be considered in\curriculum 
development is a social value ordering .\ Topics in a mathen\Atics 
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curriculum are included ^nd ordered by theVtopic 's'^^iarth to 
.society, ^'for example, the quadratic formula is included it\^ the 



' curriculum before compound interest because society views 

quadratic fdrjmula as more essential for the needs of society 

^ •;■ • ' ^ . •■• . • • ' 

' than compound interest. Mathematically, ei'ther topic could , be 

injtroduced before the other, Spcd'ally, tMe quadratic formula- 

• has priority over compound^ Interest. /Such partial orderings' may ^ 

" be called societal! arderihgs. • > *V 

if- .the introductidn of a riew device such as the hand-held- cal- * 

culator. malies a significant change^ia either the content ordering' 

" orvtiie societal ijir^^^ring, then major curriculum modification » • 

^ would seein' Appropriate."^ Such changes in the partial orderings 

are possib/le with .the calculator. For example, «the "algorithm 



r 



t6x addi^ 



[on of decimals is the same as the algorithm for addition 



of whole numbers: the same buttonll are pushed for either. Thus, 
longer be netfessary or desirable" to,deia:y decimals ■ 



IT may no 

until f if Ifh <grade., 

A careful! extensive study of the impact of * the'^calculator on 
the curriculuiiTi is needed: there appear to be significant changes 
which could (ar oiight to) 'be made. In their position paper, 
Usiskin and Bell (-1976) (see Appendix F) present some initial 
suggestions on this task. ' * • 



(2) Computational skills 



The pr,injpipre purpose of a, calculator is to make calculations 
easy.,, Cons-equently all the basic operations of arithmetic, square 
roots, trigonometric functions, logarlthmH, etc., can be computed 
^ by very young children. Duclslonw regarding curriculum need no 
longer be made bas^d on whether or not children can perform the 



calculations, but rather on whether they understand tfhe concepts . 
involved. It is probably 1:ru« that the concept of square root 

is easier to understand than the former computational algorithrra 

. ■■ i. .• . • ' ^ . . . \ • 

for finding square, roots . It may or may not be desirable/to 

4 • 

introduce ^uare roots. much earlier in. the curriculum. The poln^ 
is that the decision nee^ not be based on: the difficulty of 
teaching paper-iand-pencil algori'thifts for finding sg;||are roots. 

Compoupd -calculations nee*d no longer be avoided. J^"^ many 
seconds have I been living?" may be a v§ry reasonable calculation 
problem for a nine-year-old (60 x 60 x 24 x 365.2^ x 9). The 
cost per gram of ^}arious candy bars is, calculationall^> trivl/ii 
and a re^sbnable question to pqsei f There no longer need li^ a ^ 
fear of i>pn-integral fiumbers (2.7 x 5 x 17.6 -is'' as easy as 
3 X 5x16). Pjcoblems do not. need to Be, artificially simpllfieai 
The n^imbers can be xqdifstlic . 

At the minimum, one wo^ald' ^xpiect some de-emphasis of tlie paper- 
and-pencil algorithms^ Most calculations, in irealityt, will not ^ ^ 
be carried ^ut b^y paper-and-pencil. It is likely that achpols 
will begin teaching, paper-and-pencil algorithms as another way 
\to do calciijfetions ,\bij^ not the principal way. 
Teacher education ^ , ^ > v h 



It is easy for the teaciher educator to advoc£^te widespread Use 
of calculators. It is another ma^tter for the 'classrooirt- teacher 
actually to implement their use. The first difficulty encountered 
is parental opposition to calculators. The sec6nd difficulty 
is that the cutrent curriculum is not designed^ for calculators. 
Exercises and problems which use the calculational power now 
available must currently be* developed by the teacher r (Some 
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of the articles arM books, cited in Appendix A contain helpful 
suggestions; the position paper by Immerzeel, Ockenga, and Tarr 
(1976) In Appendix C provides a variety of specific Activities; 
textbook publishers plan to have some materials available by 
1977.) , . , . 

^ yhe third["diflElculty is that most teachers lack the mathematical 
background necessary to deal with the questions and mathematics 
which can te generated by the use of calculators^. For^example, 
there is a mathematlcAlLy^^honest explanation for the sine function 
whlch^ can be given 'to first graders. Most first-grade teachers 

would be unable to provide such an explanation. Many junior 

■ ■ ■ • ' ^ . 

high school teachers would be unable to provide such an explanation. 
And many high/ school^ teachers would have difficulty with the 
hyperbolic sine function. 

The fourth difficulty is that techniques for teaching mathematics 
with calculators have' not been illustrated., The effect of calcu- 
lators on children s numbei;" sense ^nd other mathematical factors 

is not knoim, either tlirough research or tradition. Each 

I* 

teacher must break new ground in the interaction of calculators 
and children learning mathematics. 
(4) Budgets 

6 . 

Consider a typical elementary scho.ol with two classes .at eafch 
grade level. In order to provide approximately one basic four- 
function calculator for each two students, such a school would 
need to spend $1800 ($10 per calculator for 180 calculators, or 
15 per class) . Consider such a cost in perspective: $1800 is the 
cc^st of 30 fllmstrlps or 120 minutes of 16 mm film. Given the ^ 
Impact on students, such a cost could be defended easily. Of 



, course, if one acqiilres scientific calculators, the cost would 
be $9000, or the equivalent of 150 f ilmstrips or 600 minutes of 
16 mm film. It would' 'appear that, the widespread purchase of 
calculators may not be a major iinancial burden for a school which 
rbutinely purchases. materials such as ritos trips or films. . 
The data on purchases of calculators suggest that many children 
will soon have access to a Calculator regardless of the school 
action. The school's responsibility will probably be to have 
machines available for those children who do not hav6 access to a 
calculator. The. cost of such a requirement could soon be rela- 
tively low. * ^ 

Summary 

The impact of widespread use of hand-held calculators is likely to be: 

(1) A de-emphasis on paper-and-p6ncil algorithms. 

(2) More significant and interesting mathematics in the curriculum. 

(3) Consumers and decision-makers, much .better prepared to deal with 
" the voluminous amount of data in communications today. 

" ~ A 

Shumway's point of view expressed above is ephoed to some extent in 
the position papers, in Appendices C through F. Eac)i of the writers of 
those pa^rs expresses additional concerns and thoughtful comments; at ten-/ 
tion is. directed particularly to the papers by Pollak and by Usiskin and / 
Beli: 
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• IV, Ways In Which Calculators Are Now Used in Schools 

Calculators are being used In various ways in classrooms .scattered 

- *>* . ' '.K 

throughout the country. Last year, such activities were generally more 
extensive at the secondary-'school level; this yeair, elemenrtary-schopl 
teachers are increasingly introducing fhem for ' specified purposes. They 
are recognizing that the calculator is a part of children's .lives. In 
many ins taticesy ^(perhaps too many), use of the calculator is. refstricted 
to checking the result of paper-and-pehci.1 computation. As teachers 
explore potential uses, and as more specific suggestions appe<ar in print, 
additional use is^mad&of the calculator. 
Two f6argvmust be expressed: 

(1) That caicTIlators will not be used appropriately, so that few 
Jk 

^ positive benefits of their use are apparent. 

(2) That teachers will indiscriminately buy materials foir use with 
^calculators (as in some cases they haVe done with metric materials) 

As Immerzeel, Ockenga, and Tarr -(1976) point out, to avoid "future shock" 
immaginative software must be developed. They also make recommendations 
regarding use x)f calculators (p. 5): 

(1) Primary level: Incidental use, especially in an interest corner. 

(2) Intermediate level: availability in the school of class sets 
^ ' for occasional use 

(3) Junior high level: availability of class sets for each teacher 
<4) Senior high level: a calculator for every student, available 

any time , , 

They go on to provide a variety of specif ic„ illustrations for using the 
calculator at each of these levels, usually within the existing curriculum. 
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In general, certain patterns of use are evident: 

(1) The district or school burphases a ssmall number of* calculatorB, 
which are given to teachers for ^ exploratory activities. This 1 
is followed by discusfsion and decision on whether the district ^ 
or school should purchase- more (e.g., Columbus, Ohio). 



{2) Remedial mathematics or Title I classes receive calculators 
for use with low achievers who Jiave not previously learned 



computational skills (e.g., Washington Irving High School, 

New* York; Berkeley ,^^lif oi:nia). 

(3) Calculators are placed in advanced science and mathematics clasae$ 
in secondary schools (e.g., Lubbock, Texas). 

(4) Exploratory work on topics for which ^calculators seem most 
appropriate is in progress (e.g., under the jlirection of such 
mathematics educators as Immerzeel, Kessner, Rudnick, Scandura^ 
Weaver),^ ^ \ 

(5) Pilot studies and/or research Is being conducted on tfie effect 

of use of calculators (e.g., with low achievers at the secondary 

level in Chicago; in guch California schools as Cupertino, 
♦ . 

Garden Grove/ Los Angeles, San Diego, San Francis^co, and 
Santa Barbara). V 
Among the varie^ty of other activities, surveys of the attitudes of 
teacheM toward calculators and/or uses being made of calculators have 
been conducted (e*g., Philadelphia; Shawnee Mission, Kansas; Ohio; Cali- 
fornia); these sometimes lead^l^ the development oi policy statements. 
The 1975 Annual Leadership Conference at the University of Michigan 
focused on the role, of calculators, as did several groups at a September 
1975 meeting on secondary school mathematics attended by educators from' 
throughout Ohio. Workshops were presented at local, regional, and national 
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mathematics meetings In 1975, and plaqs e'^underway for extending such 

offerings during 1^76 (e.g., the NCJM| Name-of-Slte Meeting In Detroit 

featured calculator workshops). The National Council of Teachers of ^ ' 

Mathematics Is developing film materials on calculators (with a grant 

from a calculator manufacturer.).' In cooperation With ERIC/SMEAC, NCTM Is 

developing a compilation of teacher-stiggested activities for use with 

calculators. Several journals (e.g., Instructor and ArltlWetlc Teacher ) 

I- - 
will have 1976 issues focused on th/e calculator. 

Analysis of the published articles and books cited in Appendix A 

i^i^cates that many fall into one of four categories: 

(1) General statements about calculator^: e.g., Denman, 1974; 
Hlgglns, 1974. 

(2) Pros and cons: e.g.'i Etllnger, 1974; Flske, 1975. 

(3) Costs and features: e.g. , Jesson and Kurley, 1975; Consumer ^ 
Reports . . 

(4) Varied uses: e.g., Engel, 1974; Judd, 1975. 

The annotations in Appendix A may provide a guide to locating materials 
"of specific iuterest. 

Uslskln and Bell (1976) (see Appendix rF) take exception to merely 
incorporating'calculator uses into the existing curriculum. Fo^' reasons 
which they state, "It is thus our belief that the Insertion of calculators 
into K-6 classrooms using most existing curricula is fraught with peril" 
(p. 36). They argue for an alternative curriculum, artd provide an assess- 
ment of how the curriculum may be restructured.' They note that this may 
be threatening to those who view the present curriculum as optimally 
logical and sequential: tHelr specific suggestions (pp. 40-49) could, 
however, suggest ^to many elementary teachers a different way of considering 
the use of calculators in schoc 
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^ V, Empirical Evidence 

\ 

At the time that the Interim Report on this project was prepared 
in August 1975, attention was called to three points: 

(1) At this t;lme, there Is comparatively little evldei;ice on the 
effect of the use of hand-held calculators in schools. Studies 
have been exploratory in nature, often with the support of a^ 
calculator manufacturer. 

(2) That the calculator can be used to f each certain topics seems 
clear: that significant achievement gains will result is not 
clear. As might be expected, attitucjes.are reported to be 

I \ • 

generally positive. , 

(3) Not all of the research has focused on significant questions 
(some has remained unpublished for^ this reason). There is a 

0 

definite need to establilsh priorities and attack the questions 

that can and should be answered by research. 

As this Final Report is prepared in February 1976, the same .three points 

can be reiterated. The research picture has'.not essentially chained. 

As W^a'iier (197 6) has pointed out in his paper an needed research 

(see Appendix E) : 

. . . The very newness of calculators provides little of 
a research baise upon which to build. . . . The extent, of 
ongoing research is very difficult to assess; this also is 
true of the nature of that research. We are given hints 
from the brief progress reports released by some projects 
• . . but by and lar^ftwe have pr^i^cious little information — 
and none of it definitive — regarding the extetit and nature 
of ongoing research. (p. 18) 

He goes on to express the thought that *'When the annotated listing [of 

research on mathematics education] for calendar year 1975 ia compiled, 

more calculator investigations are bound to appear; but there still will 

1 

be no plethora of such investigations reported*' (p. 18). Very true: • 
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there has been no plethora; research evidence remains scarce (perhaps 
the 1976 listing will contain more?). 

There is so little research on the use of hand-held calculators,* in 

fac^:, that there is some questidjh'if it is worthwhile to review it. Most 

' ■ i' - ■ ^- . "' . 

of the studies barely meet criteria for being te,rmed "research 

"action research'', ''preliminary study", "inquiry", "exploration" are the 

words which investiRatots useMn the published reports. There are rumors 

of -many studies going on: most of them turn out to be explorations to 

find out ^l^7hat can be done wlltji calculators. Some of the "hardest" da|ta 

y calculator manufacturers; not 8Urprti8i||g'^y , 

thesis indicate that studentsi(a) can use the calculator with^ a variety! 



come from studies conducted | 



of content and (t>) a'chieve \ifell when using the calculator. Many schools 

W\ ■ 

1*7 

^* are checking data on their ||tm students to find out the effect of t^he 
use of calculators with their students: this is a highly appropriate, 
activity — providing it continues as new suggestlo^is and materials fqr 
using the calculator appear! . Schools must be w^iry of selecting options 



•"I • > 

too quickly — "of deciding that this way of using calculators is effective 

I ' \ . 

and that way isn't — before?- the range of options (that is, a diversity 
bf material designed for caljJiulator use) has been developed. 

Over the years, severa|j dozen studies have been conducted with 

|- ■ ••• • 

desk calculators. , There ha^ been some thought that this research mightf'^ 
provide some useful information which would be applicable to hand-held 
calculators. Alas, the studies are not all designed as well as they 
should have been. On Table 1, 2l of the studies with desk calculators 
are summarized; note should be made of the smpll sizes of samples, the 
short lengths of, time, the limited purpose of many of the studies, the 
evident confounding of variables-. 
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There appear to be very few potentially transferable findings 
from the studies with d^sk calculators: . r . 

. (1) Children ca^i learn to use calculators. 

(2) Children generally enjoy using calculators. 

(3) Low achievers may profit from using calculators, but c^icu- 
lator use should not' be restricted to low achievers. 

(4) Calculators can l^e used for checking paper-and-pencil c|ompu- 
tat ion. 

p 

(5) Calculators may or-may not facilitate particular types of 
achievement. 

On Table 2, '8 studies on hand-he1|i|iHMlculators are summari'l^ed. * A 
additional comments about each might aid in making readers further 
aware pf the limitations of the research information on hand-he( 
la tors. 



.d calcu- 



Colimnehts on Research Repor'ts on Hand-held^ Calculators 



1 



The major goal of tha study reported by Haythorne and Sullivan 
(|L975) was to "discover how (and if) the' calculators could enrich, 
supplement, support, add motivate the regular program. There was no 
intent to change the prograi^ to ,fdt the caS:e4JiJLator'' (p. 29) •^Barrett 
and Keefe (1974) ' expanded on some of the ways the ^8t;udent8 used the cal- 
culator:* to check answers and in working with verbal problems, means^ 
probability, pal^igKlromes, functions, and multiplication with decimals. 

A comparison with a matched group indicated that» the mean scores of 
students using calculators were higher (p < ,02) on the concepts and 
computation sections of the test than were the corresponding scores for 
student's not using calculators, but the two groups performed about equally 
well on the problem-solving section .of the test. Two comments of interest 
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are madeN^by Hawthorn and Sullivan: * \ 

^ Project evaluator^ do not believe that calcUldtors'Tiave any - 
great Inherent ablll.ty to support and motivate mathematical 
study, though these instruments definitely have some powerful 
computational capability. (p. 31) [Oh?] 

O ■ • . . ■ > . 

Perhaps another study can fehed some .light on what effett 
calculagpis have on learning mathematics if used by children 
without' ariy particular direction by teachers. (p. 31) [Why?] ^ 
J ^ 

One wishes that there were some discussion of j^each of these points in the 
article. 

Bitter and Nelson (1975) developed a "diagnostic remediation mathe- 
matics curriculum utilizing the^and-held^jcalculator". A group uqing i 

this curriculum was compared with a group using a commetcial hand-held 

< 

calculator mathematics remediation program and with two groups using 
the "normal" curriculum, one with calculators available and one without 
calculators. While no data y4|:e reported in the article; th6 authors 
note that "... all three calculator approaches provided for signifi- 
cant statistical gains ifi botn the cognitive and^^^ttitudinal donsa'in as 
opposed to the cdntrol group. | ^ 

Analysis of data from Priject Equip, a mini-calculator program for 
teaching mathematics sponsored by Berkeley schools, was reported by 
Kelley and Lansing (1975),. Two seventh-grade and two „eighth-grad(B mathe- 
matics classes for low achievers were involved. Neither experimental 

ndt control classes showed statistically significant gains on the CTBS 

fi 

(the experimental group mean was A. 87 on the October pretest, A. 98 on 
the May posttest; the control group's respective scores* were 5.29 and 
5.30). On the CTBS computation subtest; the calculator group did signi- 
ficantly better, however (4.9 for^the control group, 6.5 for the experi- 
mental group). And on the NLSMA Reasoning Teat, the gain of the control 
group was significant at the .08 level (0.9 points); the calculator' 
group gained 1.9 points, which was significant at the .001 level. 
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Kessner (1975) presented information on a primary ipathematics' project 
designed "to. research, develop, and field test activities in which fcinder- 
ga-rt^n and first-grade children can use hand-held electronic calculators 
to promote their matheina€lc& J,earning". Simplif;ted calculators are 
"coupled wtth igamelike modules" to teach the "complex aspects of counting 
and the ^operations of addition and subtractlori". In the project fnforma- 
tion cited, no data are j-eported^ ^^t^ 

Stehafer, Bell, and Crown (1975) report on a limited "inquiry" in 
which one group of fifth-grade pupils was given a pretest, and then 
given calculators for two (2) days,. with prSBlems to^work and encourag^ 
mentJ to ask questions about the calculator, A weeky later a posttest was ^ 
given. Overall there' were no significant differences. Those whb had 
calcula^tors, however, scored significantly higher on examples on which 
the calculator could ^e used, while there were no significant ^differences 
on non-calculator examples (although the scoye of the' calculat<^r group 
was lower than th^t of the non-calculator group). One wonders whether 
the game statistical result could be repTicated: the conditions were 
obviously loose. The cdWments in Appendix A'of the Usiskin and Bell 
position paper (1976) report further explorations with about 20 teachers. 
The work do^s not appear tq be systematic, however: it is purely explora- 
tion to find out how pupils (and teachers) react. 

Weaver (1976)', on the other hand, ¥ias since 1973 be^n systematically 
exploring the use of various calculators at several grade- levels , in 
ways which connect with his (and his students') previous research on 
mathematical sentences and properties of operations. Although he reports 
some empirical data, "the principal intent of the project to date has - 
not been hypothesis formulation and testing, "*but informal exploration as 
necessary stage to precede controlled experimentation. This "exploratory 
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work was Inclependent of ongoing mathematics programs, . • although 
this year "teachers are opting to have« pupils oU^e the calculator from 
time to time in connectJ.on with ^the ongoing mathematics programs". Among 
the emphases of the ecploratory work h?ve been chaining:^ doing and undoing, 
and related number sentences. ' . " 

Spencer (1975) investigated the, effect of using* calculators on 
computation skill, reasoning ability, and total arithmetic achievement, 
as measured by the Iowa Test of Basic Skills, Forty pupils in grade 5 
and 44 pupils intgrade; 6 were randomly assigned either^ to a group using 
calculators or to a group using paper and pencil without calculators. ^ 
For eight weeks, both groups worked with computation worksheets prepared 
by the/experimenter; unfortunately ,'*the abstract of the study does not 
indicate the nature of these worksheets. At the fifth-grade level, 
the only significant difference found was on the reasoning test, favoring 
the calculator group... In grade 6, significant differences favored the 
calculator group on the computation test and on the total test; a t:en- 
4ency for the calculator group to \iave higher scores! on the reasoning ' 
test was also noted. 

The locations at which this research and development work is being 
conducted are diverse: Arizona, California, Illinois, Iowa, New York, 
Wisconsin. In other states, other projects are going on, with no pub- 
lished results as yet. For instance, Rudnick ( Eye on Education , 1975) 
is currently. directing a project in Pennsylvania with seventh graders 
to investigate the effects of the availability and use of the calculator 
on achievement aijCfl attitudes. Capoferi and Winowski (1975) present a 
design for a \ study to be conducted in Michigan schools. One hopes - that 
carefully deffVgned research will be planned at many other locations. 



Needed Research ' ^ *' 

In his position paper in Appendix E, Weaver discusses some of the 
research questions which should have some priority. He called attention 
'to the point 'that ' . ; _ ' » 

^ the greatest thing we have to fear today about the calculator 

. vis-a7vis school mathematics curricula" is the degree of f ear - 
that already exists about the^calculator Vfs-a-vis school 
mathematics curricula. (p. 2) -r^- -^^^ " 

To many persons the calculator threatens to violate certain 
'v ' tenets regarding school mathematics learning and instruction— 
tetiets that are adhered to more tenadldusly than I might 
have expected. Suggestions for calculator uses are made 
within the constraints of those tenets . . . and any research 
. that might b^ implicit in such suggestions wojuid be similarly 

constrained. i ^ 

• Some other persons, however, appear to be willing—possibly ' 

even anxious—to suggest calculator, uses that ma^ challenge 
^certain of our cherished tenets. (p^ 5) 

Weaver distinguishes between three types of curricula calculator- 
assisted, calculator -modulated, and calculator -based ~ and points out 
that "research shduld not be unmindful of such dif f erentiaj rples". 
After citing the research questions included in the NACOME Report (1975), 
he discusses six others for which answers should be sought. Each in 
turn can lead to a series of investigations. 



Summary 

Evidence on the effectiveness of calculator use is largely experi-'^ 
ential. A concise summary of the suggestions for research which should 
be conducted to determine the potential and problems of calculator use 
in schools includes investigations related to: " 

- when and how toi introduce calculators 

- effective procedures, for learning basit facts, computational 

■ . ' ' <» 

skills, .problem solving, and various mathematical ideas 
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- effective calculator algorithms 

-'long-range effects of using calculator algorithms 

- need for paper-and-pencij. algorithms 

- effect of calculator use with specific content and currici^a 

- effect of curricula sequence/emphasis changes 

- relationship between work with calculators and computers 
. - changes in teacher education curricula, 

- optimal calculator designs 

Oae very specific caution mus\: be emphasized: aVtempts at restruc- 
turing the curriculum, either extensively or minimally, must not proceed 
independently of research. The two are integral/y interwoven, and one 
cannot be effective without the other. 
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\^ VI* Some Recommendations < ' / » " 

* • . 

^ A variety of recommendations has been incorporated at many points 
in this Report. Many others are specified qr suggested in« each of 
the position papers. These. are generally jBtated- at the end of this 
section. ^ ^ : 

But first, some recommendations which have not been cited previously 
, will be listed. These were g^iven by educators in response to a question 
on several 'questiqnnaires in the survey conducted early in this project. 
They range from the general to those specific to the curriculum. 

Recommendations from Educators Surveyed 

1. Experiment and plan. 

a. Learn to use calculators yourself first, finding meaningful ways 
to use them. \ 

b. Use calculators with students only after considerable thought 
as to how, when, and why. 

^ c. Develop a school-wide policy and guidelines. 

d. Develop ways to incorporate calculators into the existing curri- 
culum, and develop new curriculum as necessary. 

e. Plan a reasonable inservice program, evaluation, arid research. 

f. .Use in early grades with care, if at all. 

■I ■ ^ 

2. Survey available calculator models carefully and buy good ^equipment, 
commensurate with student needs. Make sure that-all students have 
access to. a calculator . , , „ 

3. Change teactiing emphases to concept development, algori-thmic ^jrocease^, 
when to apply various operations, and problem solving .usin^ real-life 
and interdisciplinary applications. . ' * 
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4. Do not Ignore the development of computational skill. 

5. Think of calculators as a tool to extend mathematical understanding 
and learning by making traditionaj. work easier. The focus can be on 
process because the product is assured. ' 

6. Place more emphasis on problem^solving strategies. Use practical, 
realistic, significant problems, and more applications. 

7. Spends less time on computational drill, more time .on concepts and- the 
meaning of operations. Use more laboratory activities where compu- 
tation is involved but the emphasis is on learning mathematical con- 
cepts. Decrease the use of tedious, complicated algorithms; emphasize 
algorithmic learning, including student development of algorithms. 

S'. De-emphasize fractions, and emphasize decimals, introducing them 
earlier. 

9. Emphasize estimation and approximation (including mental computation 

skillsj, checking and feedback, exploration and discovery. 

^ ■ 

10. Do more and/or earlier work with such ideas as place Value, the 
decimkl system, lumber theory, number patterns, sequences, limits, 
functions, iteration, statistics, probability, flow charting, computer 
literacy, large liumbers, negative i:\umbers, scientific notation', data 
generation, and ^ormula testing. ' ♦ 

Two points should be made ^In connection with the above recommendations 

(1) There was riot consensus on all of them, nor were they al.l cited 
with equal . frequency. A selection process occurred, which may 
reflect the beliefs of th6 author of this Report. 

(2) The overlap] of the recommendations with statements in other 
published materials is evident. 
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Major Recommendations 

■ ' / 

1. A thorough analysis of the mathematics and other appropriate curri- 
cula of elementary and secondary schools should be conducted to 
determine: 



a. how calculator use could be optimally integrated with existing 
curricQla (see Section IV, Immerzeel et al.). ' 

' ' ' W ■ • 

b. how curricula should be revised /redeveloped to incorporate 
optiipal use of calculators (see Section III, Pollak, Usiskin 
and Bell) . ' * 

2. A careful plan for systematic r.esearch should be developed (see > 
Section V and. Weaver). 

3. Following the above steps, appropriate research related to, and 

development ol?^, curricula should be initiated. 

♦ 

A. Experiences for teachers at bott Inservice and preservice levels 

ghould be provided, to aid them in using calc^ators with students. ^ 

5^ Information about research and development efforts must be communi- 
cated (with speed and accuracy) to parents and other non-educators, 
as well as to educators. • ^ 

These recommendations are based on the' assumptidn, derived from 
analysis of information secured during the project, that calculators 
are increasingly being accepted as an Instructional tool (by both teachers 
and parents). Therefore an immediate need exists for sound and substantial 
research and development efforts. , 
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